A back pain lasting more than 12 weeks has been defined as a chronic low back pain (LBP) [1]. More than half of people suffer from LBP [1]. The purpose of this study was to examine the effect of gastrocnemius muscle stretching in the treatment of chronic low back pain. Methods: Forty patients with chronic low back pain, ages ranging from 25 to 40 years, were recruited and divided randomly into two groups. The control group followed a physical therapy program that included stretching exercises for back, hamstring and iliopsoas muscles. Strengthening exercises for abdominal muscle and postural instructions for activities of daily living were also performed. The experimental group followed the same control-group exercises with the addition of stretching exercises for gastrocnemius muscles. The interventions for both groups consisted of three sessions per week for six weeks, each session lasting for an hour. The outcome measures were visual analog scale (VAS) for pain severity, modified fingertip to floor (FTF) for range of motion (ROM) of trunk flexion, Oswestry Disability Index (ODI), and loading X-ray to detect lumbosacral angle. Results:
Introduction
Chronic low back pain (LBP) is defined as back pain lasting more than 12 weeks, and it affects more than 50% of the general population [1] . Over 70% of adults have at least one episode of low back pain during their lifetimes [2] . The prevalence of LBP is higher in the young, and one important risk factor of low back pain is weakness of the superficial trunk and abdominal muscles [3] . Consequently, strengthening of these muscles is often associated with significant improvements in LBP because of its high correlation with the stability of the lumbar region [3] . The lumbar-muscle activity of patients with low back pain is low compared to healthy subjects [4] . So, conservative therapy is used in the treatment of more than 90% of patients with low back pain. For example, postural exercises have been used in the treatment for prevention of lumbar hyperlordosis [5] [6] .
Mechanical low back pain recovers in six weeks to one year [7] . Low back pain is accompanied by tension and stiffness in the lower back region between the lower rib cage (T12) and the iliac crest or inferior gluteal folds and might extend to the upper legs [7] . Typical physical findings in non-specific LBP include restricted spine ROM, tight hamstring muscles, paravertebral muscle spasms, trigger points, tenderness and aggravation of symptoms on flexion or extension and straight leg raise tests [8] .
The gastrocnemius muscle is a two-joint muscle that spans the knee and the ankle joints. In spite of the fact that the gastrocnemius has no relationship with the hip, this muscle can alter the Sit-and-Reach Test (SRT) results because it crosses the knee. Thus, when the patientperforms forward flexion of the trunk in a sitting position, with full extension of the knees and dorsiflexion of the ankle, all posterior muscles (hamstrings and gastrocnemius) are in tension [9] . During the standard SRT, the subjects put the ankle in dorsiflexion (DF) position with the knee fully extended. When the subject performs trunk forward flexion with the knees extended and ankles in dorsiflexion and these muscles are shortened, anuncomfortable feeling of tension in the gastrocnemius is produced. This is a limiting factor to continuing the test [10] . Hamstring muscle shortening or tightness is one of the most common findings in patients with LBP [11] . It is thought that, due to the attachment of hamstring muscles to the ischial tuberosity, the tightness of the hamstring generates posterior pelvic tilt and stop the hips from flexing during forward bending so reducing the lordosis of the lumbar spine, which can result in LBP [12] [14] .
One of the most common actions in daily living is forward bending [13] . Pelvic tilt and bending alteration in the sequencing of hip and lumbar spine movement patterns during forward bending has been proposed as a risk factor for the development of LBP [15] . Changes in lumbar range of motion and motion velocity have been recognized in individuals with LBP [16] . Also, reduced hip mobility during forward bending has been reported in the literature [17] . LBP subjects demonstrate a decreased magnitude of hip flexion, but not other hip motions implying that an alteration in activity level of the hamstrings may be present in symptomatic subjects [18] . The gastrocnemius shares in knee flexion, and its shortening will indirectly affect the hamstring muscles and may limit forward bending and cause back pain due to their influence on lumbar pelvic rhythm. For this reason, stretching of the gastrocnemius should be included in the same exercise as stretching the back and hamstrings [19] [20] .
Strengthening exercise for muscles is known to improve the recovery of normal joint functions after injuries [21] [22] . To reach the optimal rehabilitation effects, the strengthening exercise protocol should be adapted to variable muscle force, corresponding to changing muscle fiber length and contraction velocity [22] . We posited that the same program might be equally effective for non-injury low back pain. Therefore, the aim of this study was to compare the clinical outcomes between two different exercise programs for the management of patients with chronic low back pain. We hypothesized that individuals treated by a program which includes stretching exercises for back, hamstring, iliopsoas, and gastrocnemius muscles, followed by strengthening exercises for abdominal muscle and ADL postural instructions would achieve better outcomes than programs which include only stretching exercises for back, hamstring and iliopsoas without gastrocnemius muscle stretching followed by strengthening exercises for abdominal muscle and activities of daily living postural instructions designed to improve functional activities.
Methods
Subjects: Forty participants were recruited for this study from Cairo University Hospitals, with ages ranging from 25 to 40 years old, each having chronic low back pain. Patients were informed about the treatment program after random assignment into two groups. Each group included 20 patients. They were treated in the outpatient physical therapy clinic at Cairo University Hospitals. The inclusion criteria were the patient's diagnosis of low back pain, with complaint of pain for more than three months, with no pathological involvement such as disc herniation, cauda equine, tumor, spinal stenos is, or vertebral or lower extremity fracture. Each intervention consisted of three sessions per week for six weeks. The Ethical Review Board of Cairo University Hospital approved the study, and all participants singed informed consent-forms. The trial was registered with the Australian New Zealand Clinical Trials Registry with the following number: ACTRN12614000534684.
Outcome measures: All outcome measures were assessed before and immediately after the interventions at the end of week 6. A visual analog scale (VAS) was used in our study for measuring pain severity [23] [24] . It ranges from zero (no pain) to ten (unbearable pain) grades of intensity of pain. The subjects were asked to indicate the level of pain by placing a dash at the appropriate level on a 10 cm horizontal line. The subjects were provided with Arabic version of the VAS with "no pain" listed on the right side and "worst pain" on the left side.
A modified fingertip-to-floor test was used for measuring the range of motion of lumbar flexion. The distance between the tip of the middle finger and the floor is usually measured with a tape measure to measure changes in lumbar flexion of patients with LBP. Also, a stool with a height of 19 cm has been used for subjects to stand on in order to measure the ROM. The measurements were taken with the modified fingertip-to-floor method by having the patient forward bend while standing on a stool in an attempt to touch the floor with the fingertips and then measuring the distance between the tip of the middle finger and the top of the stool [25] .
The Oswestry low-back pain disability index (ODI) is a low back pain disability questionnaire. It is known as the gold standard of functional outcomes of the lower back. It consists of ten sections; each section has six possible answers. Statement 1 is graded as 0 points; statement 6 is graded as 5 points. A total score of 50 is possible and would indicate 100% disability [26] [27] . A panel of institutional experts at Cairo University Hospitals has translated and validated Oswestery Disability Index into Arabic language.
Lateral view loading x-ray from standing position (Siemens Polyphose 50 apparatus) was used to detect any change in lordotic curve by measuring lumbo-sacral (LS) angle. It measures the meeting of two lines: a horizontal line from the superior surface of the first sacral vertebra and a horizontal line from the superior surface of the first lumbar vertebra [28] .
Interventions: All subjects attended the physical therapy sessions three times per week for six weeks. Control group performed manual passive stretching exercise for hamstring and iliopsoas as well as back muscles. For hamstring and back muscle stretching exercise, the patient sat in a long sitting position with knees fully extended and the feet together free or in plantar flexion. We asked the patient to bend forward from the hips to reach towards the feet, with the head in flexion. The physical therapist came behind the patient and push him/her forward to stabilize the patient's position and knees and hold the position for 30 seconds, then relaxed for 30 seconds [29] , with three repetitions per set, three sets per visit, and three visits per week for a period of six weeks.
For iliopsoas muscle stretching exercise, the patient lay in a crook lying position with both lower limbs hanging off the end of the table, holding one knee to the chest; the therapist stood in front of both lower limbs. One hand held the flexed knee, while the other hand stretched the other leg by pushing down and holding the position for 30 seconds, then relaxing for 30 seconds, with three repetitions per set, three sets per visit, and three visits per week for a period of six weeks.
An experimental group performed the same stretching exercise program as the control group, in addition to stretching exercise for the gastrocnemius muscle. For this exercise, the patient sat in a long sitting position, with knees fully extended and the ankles together in dorsiflexion, and the feet flat against the wall. We asked the pa-tient to bend forward from the hips to reach towards the feet with the head in flexion. The physical therapist then came behind the patient and pushed him/her forward to stabilize the patient's position and knees, holding the position for 30 seconds, then relaxing for 30 seconds, with three repetitions per set, three sets per visit, and three visits per week for a period of six weeks.
Strengthening exercises were performed in both groups. Sitting up from a supine position with hips and knees flexed was used for abdominal muscles strengthening exercises. Head and shoulders were lifted with a gradual curl to touch the knees with the hands. The abdominal muscle becomes more efficient. This isotonic abdominal exercise should begin with the hips and knees flexed. Strengthening exercises program for abdominal muscles were performed in sets of ten repetitions, ten seconds holding and ten to 15 seconds relaxing, ten sets per visit and three visits per week for a period of six weeks.
Stretching and strengthening exercises were undertaken for duration of an hour per session, three sessions per week for a period of 6 weeks. Participants in both groups received health education for low back pain by therapists, including correct posture and appropriate behavior changes to enhance functional outcomes as well as activities of daily living.
Statistical Analysis
Statistical analyses were performed after collecting the data and were treated statistically by using SPSS software (Statistical Package for the Social Sciences, version 18.0, SPSS Inc. Chicago, IL, USA). The following values were found: mean, standard deviation, t value and p value. An unpaired t-test was used for comparison between groups. The p < 0.05 was considered significant.
Results
In this study, forty subjects participated with ages ranging from 25 to 40 years, and all of the subjects completed the study period. Table 1 shows patient demographics in both groups. There were no significant differences in patient demographics. Table 2 represents patient's clinical characteristics at baseline in both groups. Both groups were homogenous, and there were no significant differences regarding pain (p = 0.4449), Modified FFT (p = 0.5952), ODI (p = 0.2498), and lumbosacral angle measurements (p = 0.8336). Table 3 shows patient's post intervention clinical characteristics. There were significant differences between experimental and control groups at the end of the week six in all outcome measures. In the experimental group, the reduction was as follows: in terms of pain, from 7.65 ± 1.225 points to 0.35 ± 0.489 points (p < 0.001), modified (FTF) from 43.5 ± 7.634 to 19.4 ± 2.113 (p < 0.001), ODI from 80.25 ± 9.808 points to 6.9 ± 5.784 points(p < 0.001), and lumbosacral angle from 27.1 ± 2.673 to 21.1 ± 2.292 (p < 0.001). In the control group, the reduction was as follows: in terms of pain, from 7.95 ± 1.23 points to 2.85 ± 0.875 points (p < 0.001), modified (FTF) from 44.9 ± 7.622 to 30.2 ± 5.773 (p < 0.001), ODI from 76.45 ± 10.956 points to 50.35 ± 11.249 points (p < 0.001) and lumbosacral angle from 27.15 ± 3.099 to 24.6 ± 2.664 (p < 0.001).
Discussion
The results of this study showed significant differences between the control group and the experimental group in terms of pain, ROM of trunk flexion (Modified FFT), and Oswestry disability index (ODI). These differences can be explained by the assumption that the gastrocnemius shares in knee flexion, and its shortening will affect the length of hamstring and back muscles so, limiting forward bending and causing low back pain. Stretching of gastrocnemius leads to lengthening of this muscle that indirectly increases the length of the hamstrings and back muscle in the experimental more than control group. Thus, this lengthening increases ROM of forward trunk flexion and decreasing the pain. The goals of treating chronic low back pain focus on improving the mechanical defects including shortening of the muscles and hyperlordosis, and this leads to reducing pain and improving functions. Patients often have unrealistic expectations of complete pain relief and full return to their previous level of activity. There is often a large gap between a patient's desired amount of pain reduction and the minimum percentage of improvement that would make a treatment worthwhile [30] .
Many studies have concluded that imbalance of muscles causes the biomechanical defect of hyperlordotic posture in the lumbosacral region [31] , kyphosis deformity in the sagittal plane of the sacrum [32] , and incoordination of the lumbar-pelvic rhythm [33] . All of these problems lead to low back pain with restriction of ADL as restriction of forward bending, which combined with lumbar and hip motion, is considered one of the most important detriments resulting from limitation of lumbar-pelvic movement and shortening of hamstring muscles, due to their attachments to the posterior leg and to the ischial tuberosity [19] [20] . Forward bending is a coupled movement, combining lumbar flexion and pelvic rotation, called lumbarpelvic rhythm [13] . It results from coordinated activity between the back extensor muscles (erector spinae) and the hip extensor muscles (gluteus and hamstrings). Hamstring tightness is a common finding in LBP patients [34] , and it has been argued that lengthening the hamstrings may allow greater motion to occur at the hips and therefore may reduce stress on the lumbar spine [35] .
Subjects with shortened gastrocnemius muscles who perform the standard sit and reach test (SRT) with a 90˚ ankle dorsiflexion can lead the physical therapist to attribute the subject's low score to shortened hamstring muscles. When the gastrocnemius is shortened, the subject feels discomfort in the gastrocnemius muscle before the hamstring muscle because thetension, created in the calf, is a limiting factor for continuing the SRTand preventing the subject from stretching the hamstring maximally due to great discomfort in the gastrocnemius. At this point, the extremities of the subject's gastrocnemius muscle are apart. Based on the anatomic position and function of the abdominal muscles, it has been speculated that abdominal muscle weakness produces an anterior pelvic tilt and lumbar hyperlordosis, resulting in LBP [36] [37] . In view of the above knowledge about the muscles stretch effects on SRT and also lumbopelvic rhythm leading to LBP, we must consider all these factors and causes to solve the pathomechnics of LBP.
Mechanical low back is considered a common problem and one of the causes of pain and restriction of daily activities. A physical therapy program in the form of a flexion program with stretching of back, hamstrings, and gastrocnemius in the same exercise, along with isolated stretching of iliopsoas muscles, was more beneficial in treatment, and we recommend considering stretching of gastrocnemius in the management of patients with chronic low back pain. This study has several limitations. A small sample size and short-term follow up limited our finings. Also, there was a difference in weight mean at baseline (4.65 kg) between both groups. Even it was not significant, it might affect the results. Further studies should be done on a larger sample with different types of stretching techniques, and should consider the long-term effect of stretching the gastrocnemius muscle on pain and function in patients with chronic low back pain. Furthermore, gastrocnemius-stretching exercises are varied and it may be more beneficial than others. An additional consideration is that some patients do not read and write English language, a panel of institutional expertshastranslated and validated Oswestery Disability Index into Arabic language, but has not been validated yet in a separate study. Consequently, any inaccuracies may affect the validity of one of our outcome measures. Further research should be conducted concerning translating and validating ODI into Arabic.
Conclusion
This study showed that manual stretching exercises for back, hamstring and iliopsoas muscles and strengthening exercises for abdominal muscle and postural instructions for activities of daily living were beneficial in decreasing pain and improving functional activities in people with chronic low back pain. Adding gastrocnemius manual stretching to regular stretching exercise for hamstring and iliopsoas as well as back muscles with strengthening exercise for abdominal muscles is more beneficial in reducing pain and improving functional activities for patients with chronic low back pain.
